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aI— ^ , -2-^1 SL€- A}-g-§- ^<yth}. ^°J-i: ^ ^ 
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1020030033048 Q*}: 2003/12/16 

JL4? cfl^^^l Aj^Efl h]a| ^7$f>}7) ^fV Hji Al^efl ^ y J"^ {BUS SYSTEM AND 

METHOD FOR ARBITRATING HIGH-PERFORMANCE BANDWIDTH SYSTEM BUS WITH MULTI-MASTER} 

S. l£- t^ofl 4^- 7 fl§f^ o] £-aJJE; 

£ 5^ £ 4€- tH^ A >-g-^ ^7]]*>7l #7fl 

£ 6^ ^ ^ofl ^-s ^ Al^Eflo^ dl ol Ei *}^a- #7fl*Hr ^ ZLe]jI 

100 : ai^i Al^Efl no : n}>^ 
120 : #^7] 122 : o] B\ sfl o] >; 
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124 : SDRAM ^H#&| SlE^o]^ 130 : SDRAM 
140 : SDRAM 150 : ^E^sJH 

^Ml*l -M^] 

<13> A]^efl( 5us systemH ?A°-3-, # ^ ^Sfl^-^-fe cf^o) p> 

r^E-Kbus master)sf, ^Hfl^>m(slave)7> <£^.Q .n^S] rfl<*j ^(bandwidth)* ^Hr 

tfl tf|i( S ystem busHH, #eflc>lJi^ <2\x\]+ cfl<*^§- ^H^M ^ Aj^efl ^ 

<w> ^3 o. s cf^o^ n}^^ ^Eflojti. ^ f^fl ^(arbiter)* ^l*Rr 

Al^Efl^ ^ P}iEjf4 #2flo]tL^ ^ A> _g_o. <^ J7^ ^^(fixed 

priority) « 0 V ^ (round-robin) ^ °l-g-*H ^ nj-^E^^}^ 

^>-§-^r f^flW. °1 :f , tt^ AjiEfl^ ^en^ ^ p>^S i-fr^ (bus ownership)^- 

^-Tfl *H ^ *efl°l«» ^l^Hr «o u -!^ ^l s S€i=f. 

<15> o)b\^. £ cflyl a] ^( i on g latency)* ^ ^ol«# <« ^o] t ^JeLsLM^ 

^ ^ (SDRAM) ^ ^ #£fl°m°ti tfltb efl o] e^ ^^^^ ^-f, J^a} o.s Hjif ^ 

*H*r7l7> o)^. ^z>} 7 ) ^*fl 3\3_°) ^ nfl-f 4^>cf. 

<16> ^ ( SDRAM 2 4 7fl2] Hati £5= 0 l^-^^l^f. 

^HStii t^^ofl ^ z\]o)b\ <%*]}^ <Q*IX\SL£. »$3_ i&3)SH c-Ho]e|^ 7l«a (write) SE^r 
^-#(read)*>7l ^tr RAS ^ CAS <^1# -S^ o|^ ; ^3.* ^.el^sRr 
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1020030033048 <QA- 2003/12/16 

*>*1 (precharge) ^H-^-S. ^€4-. ©1 *fl , o)^ ^ 4o|o|fe <y?§ a7l^ cfl7l 

*1*K latency) °1 ^±S. ^*fl*|-JELS 2:71 ^igo] f^sj 3^ ^ ^|o1b) *r-§-^ nfl*} 

<17> 4^ (SDRAM) Si cfl^^ aHSHM ^tb ^O-S. ^efl o. «g 

a ^lE^UCbank interleaving) «o v ^°l A r-g-^ Jl ZLB]q. o] ^-f, v]^ v}^e]^^ ^ 

o]5L t}^ ^eJMw ^, ^^M^ c-flol^ ^ ^ i-ff^(bus 

ownership)* 7>^o>^V t}^ , f^fl s]^^ d-fr^* ^ tt]^ pH^S^E] -friL^ ^je. 

^(drive)^f7l "fl^ll, ji^o] tfl°^# ^ y<§3 ^SRrdlfe- 

[i^o] o]=ji^ 7l#^ 3ZMU 

<18> igJ^Sj -S-*^ £r^* «B^«>7l ^tt £.2.3., cfl^S.* 

Aj^Efl B^o^ T^o] n>^E)Sf ^Eflo] ti^ Q^^j^ tfl^-g. ?} 7 \ ^ *H tf^ 

Ali^fl^ ^HflolH *fl<H*Rr ^"fr ^^Rf^l 
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1020030033048 #^ 2003/12/16 

<21> ^*>7l ^ *l^£r, Al^Ej 

4, *1^ Hji°H ^^S]^ 4"r^ D}A E ^f^ i Al^efl t^^ofl <g^^ZL, # 

Aj- 7 j ^Sflolti.s- ^ ^^i^>7l A}-g-0] C^o] olo^ ) ^y] 

^*}JL Sfl^ ^Efloly^. c-HolE^l ^ ^ itflTfl £4- <^7H ^71 ^ ^ 

#7] # <^1^5}7l <H = efli ^il, C-flolEl ^ ^IJil- 

3L^:4. ^7] ^elHy.7} c-flojE^ ^1 #^g- nfl , aj. 7 ] ^ 

71- Wl^l- A>-g-^ ^ olcf^ 4I-7I 4^)4 ^1^- ^gfloly #ofl c-flolE^ ^c>l olifLo^l 

^HtV4. 

<22> Ol Ji-^o] ti>^*> ^AHHl ^C^, Aj-71 ^Sflola.^ 7j tfl 7l A] ^ ^ 

4°1^^ , ^ 7fl^ *§iEL# ^ ^aS-Eii Cl^3f, Aj-7l ^7fl7l^ ^ V 7l 

3S->-ii ^^^1 cflolEi <^^1^1- ^B.^^ cl^ ^E^e^ i^-^cf. aV 7 1 aj h 
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C^^o) aj^ofl tflSlH -f-ii^* 
<23> O] M.$o\ ^HH SM*!, #7l ^Mfe, ^>7l ^iL7} #3 £) ^ , #*l) 

«fl^ tJfl°)il t-HojEi ^E) §Hl ^ Jl^l- J£ifl^ ^-71 n>^Ei7> + 

d-SHS* 7>^ nfl #7) P>iE^l7ll ^Sfl^tiS-^-Bi Efl oj &) 5^ A]Jr^ 

£r #Hfloly 7 l- cflolEi ^W]7> ^358^*1* #1^, ^"71 #eflo] # c|) o] ^ 

<24> ol W>^^ -€*HH $a°H, A J"7l Aj^Bflo. ^. 7l ^ P>^Eil;5.^-El # 

^ 71 «a C-flolE^, ^7l #7fl7l^Ei ^7l + P>^1: # ^*fl ^ ^L-fHi* 7> 

^-71 719J dlolE-11- #^*Kr ^BH-^A-H- e-1^- j^W. 
<25> AJ-^ S.^^- ^§>7l ^ C}f ^-^<H1 Sl^, A^Efl <#7] A]^ 

^ tH^oll o|^S|^ ti^ D>^E^-i-j4 ( ^-71 Al^Efl W^^oll 9i^£lJl, #7] ^ ^ 

CilolE| ^A]^- #Hflo-|ys- ^ ^-71 C-flolEi -f-A]^ f^fl«5l-7l W #7fl SlSl- 

^«l*Rr Wl^ Al^eflo^ ^eflol ti. o^4if *)H y o^^r, ^ «1 i ^E^# # ^ ^ £ 

Hl^ Pf^EiS^fEi 131^ A>-g-^- ^^1* ^I^Kr ^711^1-, ^7l ^ 

4, 4 V 7l ^.^ol «1^ nfiEl7> ^ol£ S>u)- Xli^, Aj-71 ^ ol ol^ 2.^ E i 

Al-g-^- #o]^ ^^1^1-, ^7l ^ P>^Eil-^^Ei M\+ ^ 
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<26> O] S^S] ^AHH <&o]*], ^7} Aj^Efl tf^-g. A>-g-§>£^- f>}^ T^if, # 

71 ^ ^^ofl Cfl^-Sl^ Aj- 7 j S.^ ^Sflo]ti. 7 > ^)o)t\ o^M]^ 7}^^, #7} ^ i 

<27> o}-^ M. ^oj) o]^, -S.^^ n>^E^S. B|i A}-g-^J 

<28> ol^r> e^o] i^oll Sl7l*H 'SMI*! ^tB}. 
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<30> , ^-71 Hi Al^ai(io)^ JL^ ^(system 

bus)^, Hi°fl o^^fe 4^ 7fl<2] n>^Eil-(2a ~ 2c)2}- *2fl °1 W-#(4a ~ 4c) 3? #7fl 

^(Arbitration Circuit)(6)# itHbtk 

<3i> a o i- 7 i X|itfl tf| ^(System Bus)^ ofl^tfl, AMBACAdvanced Microcontrol ler Bus 

Architecture) AHB(Advanced High-performance Bus) 7)^^91 7>*H , t=Hr^ 

Hi p>^E^(2a ~ 2c)^f t2fl°l«t(4a ~ 4c) ^ #*fl 3^.(6) ^ ^6]^ ^ 

tr <H-E.efli(ADDR), cfl o] ^ (DATA) ^ *fl<H (CONTROL) ^iL« ^tt 1 }. 

<32> Hi P}^Ei#(2a ~ 2c)£r <« »<H , #°o V ^ ^ ^1 (CPU) , p>°1HS2L3>1H ^ ^> 

Hi i-fHiH ^ ^^^>7l ^ ^ ^ii ^, <H = efli 

<33> a o v 7 ] ^eflo]ti.l-(4a ~ 4c)£r ?J tfl 7 l ^RV^ »}5L$} #2\S.*\, ofl^. , 

Mi n-1 e«(SDRAM)4, SDRAM fiH^ ?§-SlS- ^M^. 

<34> ZL^Jl ^-71 #*fl 2] 5.(6)^ #7] Hi H-iM^-^ <#7] ^5flo] ti.S-( 4a - 4c ) ^ *J 

^JE <5>M-# rll o| b] ^a])^}7] ^*fl Hi ^-B-^l-gr 5Hr Hi ^i^S^M o^i^i ^iLSf 

W f^fl-I- is}^} °] Hi n}^f ^em^ z1) ^ ^Eflo)w.s. cfloiB) * n e) §M 
# SLtflo} *fl# ^eflojli-fr 3HE1 <^li(7l<g 5E^r =-#)*}5^r ^^W. ^ofl 
^, #7] ^Tfl s]S(6)^ 3<H£. sj-M-^ B]i p>iE]s.(2a, 2b SEtt 2c)S^Ei Hi A}-g-ol A 

Hi ^f-g-# iL^tr Hi S^^flTfl Hi *>-8~£ ^]7>^ Hi i-B-^(bus 

ownership)-!: ^£4^ ^JE.-^- ^th}. °1H A i ^1 3)^(6)^ Hi -S.^tr 
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S_~ n]+ u}^b]^sL^e] 3gSL~& ^ ^Ji #<H, ^31^ ^ *]H ^Ji-i- «>o]-s-o]rf. 

H^Jl ^7] ^ 2|JL(6)fe ^7fl# #*fl tflojEi ^S] §W] H^^Kg- *fl# tBflo|WO) 

°^]^» ttjit A>-g-^>£^- f^^tf. 

<35> n}.eM £ ^ *]^(10)£ §>M-^ p>^B^(2a, 2b ^ 2c) 

tH^ ^}-§-* -2-^ ^lJl» #3*>^, #*fl 5] 5.(6)^ ^IJll- #^*V 2.€- 

3 3. ^ i-^-^-i- 7>^1 ^^ej ^^l^^i f^lH #Hfl^l «.(4a, 4b HL^r 4c)^ <^S. 

<37> #S*>^, ^>7l Al^Bfl( 10 o)*- 3 7 fl3] ^Bll-dlOa ~ 110c) 4, ^3. 

SMi ^ ^ (SDRAM : 140)3)- SDRAM ^Bl-a) (130)5. ^I^tt ^aflol u.<4, ^l-SH (150) ^ 
^7fl7l(arbiter : 120)1- Xthth}. =le)3L f^lM (120)^- *}^-I-(110a - 110c) ^ 

SDRAM ^Bt- el (130)£}- 44 °]iH*IM ^*j. 7 ) «^ <*liH*IMi(122) SDRAM ?iHl-ei 

9JE-1211 01 i(i24)# 5.^-^. 
<38> a o v 71 ^ ^E-l-i.(ii0a - 110c )£• S. Qo] t ^<g-^el^l, *}ol3 
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S^B-fa-i ^ i4 0 lH5H5.^H f-^-S t^Is] 13 !, "V^lSUlOa, 110b SE^ 

110c )£■ f^fl7](120)5. ^HSMi ^^(140)^- ^Afl^^M ^ ^l^CHBUSREQl, 
HBUSREQ2 EE^ HBUSREQ3)# A «1^ 4^ (110a, 110b iE^ 110c)^ *R1£| 

^IJlCHBUSREQl, HBUSREQ2 iE^ HBUSREQ3H1 -§-^-«fl^ #7l f^fl 71(120)5.^ ^<=Q Aijr 
(HGRANT1 , HGRANT2 EE^b HGRANT3)7]- ^ ^ S] ^ , tHi ^-fr^-i: 7}%\ ^ 
^ ^^(140)-i- ^^)^*>7l 3R> ^ 3iL ^, <H-E.elli ^J±(HADDR1 ~ HADDR3)^- ^iL 
(HBURST1 - HBURST3 , HWRITE1 ~ HWRITE3)!- f^fl 71(120)5. . 

< 39 > #7l ^efl^l ta.(130, 140)^ ^l^cfl, ?J cfl7l iaVE;*jl ^1^, ^3_£_\j^ 

t\Q (SDRAM) (140)4 SDRAM ^Bt-el (130)5. A oM th|i n>^E^(HOa ~ 110c) 5-^ 

^eflolja ^/fl^A], sfr 7 \ ^2flolti.(130, 140 )fe ^lE^^o 1 «o V ^°-5 

<40> 0.5 , a 0 v 7 i ^h^a tq^(i40)^r 4^ 7^ «5H(bank)»(^l- t«^,2 7fl5 

u4 7fl ^)(142a - 142d)# ^l^f. zl^JI #7l ai 3SU |a ^^(140)^: #7] SDRAM TiH 
1-&K 130)5 -fB] ^ = efl^(ADDR) ^ *IH ^iL(NDCS, NRAS, NCAS, NDWE, BA ^)# >£<>M 
El (DATA)* 7l«9 ^-#€4. A oM «SH-&(142a - 142d)^ «8H ^E^wj ifj-^ofl ^g- 

^ iE^r ^5 rf^- ^-fl^t}-. cx^H *flc>| ^ ^ mdcs A]jr^ ^ 

NRAS ^IJl^ 5^- <H^ell^ iElS -£] , NCAS ^Isfe ^ ^^efl^i iSSti ^jjr ^ 
5lZL NDWE a]Jt^ 7l«a ^ ^IS^lcf. oj-i- a1^s. (ndcs> NRAS, NCAS, NDWE)£r 5^- efl^ofl 
*1 *^^4. ^LSlJL BA ^iJl^ ^3. ^JEL^i A]^ol4. 

<4i> Aj-7] SDRAM ?m 1-5-1 (130)^ ^^71(120)^1 SDRAM ^Sl-el 91 Bj ^01^(124)* *^<^ 

#3€ 4Ul(BIREQDH -g-^-eflA-1 aijt^. *v «J-^cf^ A1^(BIC0NFIRMD)# #3 

^ Aj HS ui^ 3(140)3] «fl^ H «S3.7l- ^ti] <£jl£ #31*1*1* H-B^ifl^- §«1 
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^1Jl(BIREADYD)1- #^3r>ZL, #7] #^71(120)5.^ <# 7 ] ^ ^SL*\) tfl-g-isRr ^H.^ 3 
JSL(BIADDR) ^ >IH ^JSLCBIBA, BIBE, BIRCONT, BICCONT)* ^<>H #7] ^aS^i ^^(140) 
-I: ^fl^KE^ *H<Htri=T. °1 *H, #7l SDRAM SH*eKl30)fe- #7l ^3iMi ^(140)* 

<42> g:^ a o v 7 ] SDRAM ^iHl-ei(130)^ #7l *>^Ell-(110a ~ 110c)S^fEi =-<§• -^3-8: 

^cefl^(BlADDR) ^ *1H ^iLCBIBA, BIBE, BIRCONT, BICCONT)7> SJ^'d, °)*\] -g-^«fl 
Ai ^a^tii c]^(140)^ Sfl^ y S3(142a, 142b, 142c 142(1)3.^ cfl o] ^ (DATA) 

1- ^fl^ D>^Ei(ll0a, 110b Stt 110c)S cflo]E^(BIRDATA : HRDATA1, 

HRDATA2 HRDATA3)# . 

<43> #7] ^7fl 71(140)^- n>^Ei ^E^H^C 122)1- ^-*H ^ * r ^t-(110a ~ HOc)^- <^ 

= efl^ ^ ^-g- ^r*|^, £*> SDRAM 7dH#&| ^ E^) ^(124)^- -f-s-}^ #7] 

SDRAM ^iH#ei(120)2f ^lJl(BIREADYD) , ^^.efl^ ^iL(BIADDR) ^ jS.^ ^liL(BIREQD) 

<44> O.^, Aj. 7 l ^7fl7l(120)^ #7l v)^ ^E^CllOa ~ 110c) ^ S>M-3.^- 

*H — ^>-§-(bus transfer)* ^tr -S.^ ^IJlCHBUSREQl, HBUSREQ2 i&^r HBUSREQ3)* $0}^ 
-S-^tr ^>iEl# ttji Af-g-g- <y7>sr>^ ^o] A]Ji(HGRANTl ~ HGRANT3)!- #^*r 

cf. °H*1 ^ v 7] f^7fl 71(120)^ aj-^E^^JfEi a]31(HGRANT1 - HGRANT3)°ll 

^fEL^M^ ^^(140)^ ^ojEi ^>H1^1- fl^r ¥^ ^Ji(HADDRx, 
HBURSTx, HWRITEx)!- ^m^Jl, ^Hi^l^ ^ z}- Aj-^fl ^sq. ^-7] ^ ^iL# 

^71 ^^1^ n>^Eil- AVol^l ^7fll- Sj-o} §>ufoj D }A^ f ^^^c^ C|] o] E-) ^ 

^ ^w) ^(BIREQD)# v]^ ?}Et^l JiLHHtr. «fl^ »83.7\ &*}7} Q 
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sLEl^, #71 n}A^f ^ ^-^-^(bus owner shipH ^7] v}^b\ 

o\)7l} Al^tfl tH^l- A>-g-^s. ^1^(HREADY1, HREADY2 SE^r HREADY3)# #^*H *J*fl 

<45> ^71 ^7fl7l(120)^ ^ ^iL°fl Cfl-g-^ S.^ ^Efloly^Ei ^ ^^o] ol 

^ ^r^^S. #^jSH3 *>M ^ ^. *>°HHIGH) ^^(HREADYl, HREADY2 S 

^ HREADY3)!- ^*H1 A oM ^71(140)^ M-^H -S-^*r ^i^fS 

(L0W) tij^sj.^ ^ ^s^tf. 

<46> Ol-Ul^, ^1-71 ^7fl7l(120)^ ^ ^J±6|| tfl-§-5]^ S.^ ^ojyj/f. CJl o| E-) 

§«17> ^SLSl^l A o V 7] ^ #2flo]ti. 7 > C-HojEi 7}^ nfl^] #7l ^ 

i ^-8-^ 7>^1 n>>iE^ A>-g-# A^tb M-^^l ^efl^l SL^-^ ^ ^V-g-i: 

<47> A o v 7l ^91 ^ls(HGRANT)^ ^r^HM- a] >^fl (100)<*H*1 ^ 

^ f^ti^l ^*fl ^*fl o]t£ v}^B\ 7 \ ^-fHS^ 7>^J1 ^tRr ^t^M 

3«H ^-2.*>4. 5£tr ^l^(HGRANT)* ^e|7]- cflojEi nfl , 

#efl°lii SE^ Aj^Efl ^3. ^Eflofl rc}-^ tflo) E ^ A r 0 l#°l ^V(extension)€ t= 

<48> ziE]jl a]^(HREADY)^ cflolEi Afolfs] sKKextensionH ^t^tt <J0Jl5., 

(HGRANT)l- #^J2, °H1 -§-#*lH ^E-l-i-s^-E^ ^ ^^.1- ^ J^, 

§t>l ^IJKHREADY)* t^i °>^e^ ^oIe] #7fltVcf. 4^ 

^o}^ 7 } o^^^ ^Ul7> ^711 ^til A] ^7} Sj-^ ofl^l «L># Cl] o] E-| # 

34-14 



1020030033048 #^ 2003/12/16 

* *H#°1 ^7}t}^ &*H^-g- n^}7] ^ ^7fl7l^ ^ ^iL7> <y^£]^ ( olofl tfl-g-S^ 
#Hfloly.l- ^^)±f ^ £[51^ D 13 *fl5L£ t11olE-| ^ ^ IL^* SLhl ^ &4 

< 49 > #71 ^7fl7l(140)fe ^ ^il(^ = efl>i ^ *lH 7R> ^le^l 

^V-g-S]^^ cl^(140)^ isfl^ ^ a ofl cfl*V c-flolEi <*Hl^°fl £fl*H , 

°>\i 4€r eH^-Bjfe 34-* ^ ^el^, tfl^^tr *r AM ^ 

°1 w>^^m. se$K w 3a ^e^« 0 i aj-Ai^. ^<n*v wja^l t$n*\ qM}^ ^ *fl 

Aj^Efl + <%A\} + cfl^i^- 2)^2^ ^ l-s, ^^71(120)^ nSH ^ 5RrI= 

^ ^^17> ^^£1^, ZL ^3^1 Cfltt P^Ei-i-jiLJfEi^ 

<5i> ZLejji ^£l#BJH(i50)^ #7] ^7fl7](120)S.-¥-Ei ^*fl tfji ^-°r€# 7>^1 tt^ 

p>iEil- ^hh^>71 ^HfV AjEH a]s(HMASTER)1- « c ^}^ av 7 ] u^EKllOa - 110c)«-^-E| 

7l<y o] (HWDATA1 , HWDATA2 HWDATA3)* ^i^*>^ SDRAM ^lH#ei(130)S 

7l°j ^olEKBIWDATA)!- 
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A^^ tH^lr A}-g-^- o. S *| , ^eflojjl <>H1^ cfl^^ ^tflS. ^A]^ ^ olt}. 
<53> £ 3^ £ 2^1 iE^S} B]+ X\ + *$o] M-Bfxfl^ E}olnj£o]rf. o^A^ 2 

<54> %^*}^, #7] «^ *1^(100)£- A]^ a^o] Al^(HCLK)^l -S^sM 

/ 

<55> Aj. 7 ] tt]^ Al^^dOO)^- *f| 1 ^ 2 n>^Ei-i-^^Ei tf| i A}-g~g- ^ *V ^fl 1 ^ 

*ll 2 ^IJUHBUSREQl, HBUSREQ2)7> ^Hi^, #7fl7l (120)^ ^| 1 ^ X| 2 ^!Jl 

(HBUSREQ1 , HBUSREQ2)!- *fl 1 ^ 2 p}^Ei#ofl7fl A 1 ^ A 2 ^11 

(HGRANT1, HGRANT2)* ^aH 
<56> i ^ 2 tH>i °>^e^ l ^ 2 ^91 -tlJLCHGRANTl, HGRANT2)°fl -g-^^lH A 

A 7>a]o1 ±^^r 7|-^1 ?A °-3- #^}<*\ ^ A 1 ^ A 2 ocelli 

(HADDR1 , HADDR2)* f^^. 
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<57> uj-ol *\] l B]+ v\^K}7\ V]±l i-fr^-fi- 7>^1 Jl ^ Cf ^ , *fl 1 i D}iE^ 1 

^JEefli ^iLCHADDRlH ^aS^i Sfl^ «S3.# cfl °1 E i (HRDATA) 

<58> o] ufl, Aj- 7 ] ^71(120)^ ^HS^ie] ^HS^ c|] o] E-) 4=-#o] 7^<5>5L^j- § 

al€ nfltfW s-f l §al ^Jl(HREADYI)!- *)1 1 #3^4. 3l^r*lH 

afl 1 nf^E^JfEi 1 ^il(HADDRl)7> a j3.7> 7}-^*V 

^^H^, ^71(120)^ *V°1 eflf^ ^1 1 ^(HREADYDl- ^ 1 <H-E.efl^ ^ 
Ji(HADDRlH ^-§-*Kr HjaS^Ej cflolE-] (HRDATA) 1- ^-#*lcf . 

<59> ^1 1 ^ti] ^ls(HREADYl)7> ^S^^-l- nfl *fl 1 4^1^ ^ ^ 

2 ^ti] a]Ji(HREADY2)^ *}°] eflfe ^sj-SM aj 3Su ]a ^ yg^-g. ^/fl^^-cf. 

^ SDRAM ^Hf-E^ ^£lSEii Tiofl <?]EiE|^ ^-§- ol-g-^xl ^ M-E} 

^ol4. a^H Zj- ^a^>4 <34^1 Sfli, ?fl^ * HE]^W ^-*M £ 

<6i> £ 4a# % 1 -S*> 1 3 > ^SiS-M^ Jg-^ tHi Al^Eflo^ ^ ^JsKCLKH ^71^1^ ^ ^ 

^ ^lJl(NDCS)^- RAS ^1Jl(NRAS)7> s\-s] 51 , «53 o^^eflai(BA-O)^ 3.^- oj^t]}^(R0 
ADDR)7> «S£1(BA=0)<H1 cfltb RAS ^r^^cf. °]°]*\ ^ ^ 

(NDCS), CAS ^ls(NCAS)7> «ga. <^:EL3l^(BA=0)2}- ^ °]B.%]^(C0 ADDR)7> 
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€ a 3a.(BA=0H cfltb CAS &^°] °1<H*1 *r Efo] j^] «5h 

(BA=0)^ dMEl7> ^l^^l H^^] ^(PREOH H^l^l 
<62> o]<>|^ ?)} 2 «§a^ ^iif ^tb RAS, CAS ^ H^l^l ^^-o] o.^. ojijLo^tj. 

. nJ-3M £ 4a<>)l w>fif £o] f tj-e- H 5ai-^ cflolE^ ^> 4°H 

tfl7l ^oj ^-^*>7fl ^cf. 
<63> ZLeiuf £ 4b» ^-2:^, ^ofl SJ«H Cl^^ «ga. SlB^U 

<65> £ 5 * £ 6 ^ ^-^ofl 4^ ^l^^^l ^3H*i-I- ^^li^>7l ^l^H 

-E-Mtl £ 5^ ^- ^ofl ^>-§-^§- ^HS- ^f^Ei 

til^^l c]w>ol^(^]s- s-o^ SDRAM ^ SDRAM ^IH^&I)^ ^M}^ »$3. a <H^ 

<66> £ 51- %V S §>ig ) S200^1^I ^7] f^fl7l(140)^r *>}^$\ ^^E^l;^^- 

Ei tHi ^fl _a.^ ^Jr(HBUSREQ)7> S202<HH oi^ 

^Ei#s ^ A>-g-§- «-c^^^ ^o] Al^(HGRANT)!- 
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<6 7> t&A S204^H ^^71(140)^ ^91 ^(HGRANT)* ^ 2-€- ^^#3.^ 

<68> o)o]x\ cl-^l S206^1^i ^71 ^ nj-^Ei-i-ol <^lis]-JI*} ^ ^sflo] hL^-oj 

^ t^HS t-flolEi ^E) §«1 ^ ^^.^4. 
<69> «H1 ^)s>^, ^- ^ o. ^ A>-g- o_^o] ol^ S ^ t^i ot-^Eil-S -US. 

^n> o^E}-, ^#ofl ^ ^§^1 tfl-§-*Rr ^EflojJlS}. *lE) 7}*\ t-lHEi 

til ^ -2-^* ^^-^ 91^}. OL ^A, *Hi7> cf-g- tf^ P>^E^ cHl o] &\ 

^ ^Hfloltiofl cflojEi ^e] §«1 ^ JMi* iHi ^ ^cf. rcfE>Ai #eflo]tL^ ^ a] 

< 70 > T^l^flA-1 £ 6-g: ^Tfl S2HHM ^71 f^7l(120)^r °}#°\} &l}o}^ ^e] 

3-^1 C^olE^ ^l^o] 7>^t.VAH- ^^Irf. o]^ Aj-7] ^7fl7l(120)7> is 

eflo]ti.(SDRAM SHl-Ei : 130)S^-E^ ^i^(BIREADYD)# «>^H cflojEi y}^ Aj-tfl 
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<7i> ^ ^54, ^eflolti. 7 > ^Afli §«1 ^-Bflolig #7fl S212°)H #7l ^^71(120)^ 

cflojEi -f-Ai-g- ^tt *Hi ^E^7> o]^ ^t^t}. ^ o^Afli ^ti] 

t^lM #7) ^Eflol ti.^ cflolB] ^e) §«1 ^ A^-i- n>^Ei7V 

W 4i-fMS* ^^11- #t*t^. ^ £4. ^-n-^^- 7>^1 

v}^t\7\ <&°.&, °] ^<££r #31 S214S. ^l^^H #7l ^^71(120)^ i-fr€* 7>*H 

oj^ofl ^sflolti.ofl $)o)B\ ^ Jl^^- nfA E ^ ^o] efl^oj - 

(HREADY)* ^i^tb^-. 

<72> ol^jA^ c^t41 S216^1^1 tH^ ^-ft-^-§- 7>^1 t^i sf ^/fli S^S} ^Hflojti. 

<73> ti}<4 ^-ol ; M. ^-i^o) ^ Al^BflO. A}Q^r A^tb 4^ *>^S 

tH^ Aj-g-^^- 7\?A^A*]^ ^91 <e]7|-sH ^2fl°lW- ^Ml^* ^tb ^ ^iit ^ 

*H — ^Sflojti 7}o) <q*\)^ cfl^S.^- ^Al^ ^ $lcf. 

<74> ZL ^nf, j£ 7°fl £A]4g w}s}. ^o], ^tiV^<y ^l^Eflo^ ^Bflola. C^]^ ^3^(a)3l}- 

Al^Ej( 100 )o^ ^Afli -g-^-(b)^; WlJ23r>^, W]^2] $]o)B\ £&X\ At 
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<75> B}9\- go] > ^ Al^O. ^ A>-g- A^O] o}- ^i^t 
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11 

1- 

A>-g-(bus transfer)^ (request H a!^, <#7] JL^^t S.^°fl 

7]) u]+ A }£~§r ^91 (grant )*H A oM *1 *r^« 2-^3.-^ ^-7} #2flo] h.^.^ 

^Sfloly AVEfl A }-g-^ #7fll- ^£ ^2fl°l «S §^1 ^ SL^^r £lfl 

-H, ^elHi±7 r c-flolBl ^sl fHl^ ^-f ^-71 ^«1 ^ ^ 4^1; # ^1 

:£-rr€(bus ownership)^: 7^ tt^ P>^E^ofl^ a> 7 ] a ]^ea b^^. ^-g-^E^- f>\±. ^ s. 

[^^J- 2] 

4 1 %H1 sa^i, 

A o v 7l ^eflo] u.^ 7j tfl7l Al^}-(i on g latency time)# ^5.^11 x^w>ol^oi ^ 

a]^^ . 
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3] 

XI 1 iE^ XI 2 ^1 5a°H, 

[^^J- 4] 

XI 3 5i<X^i , 

^XM^-; 

[^T 1 * 5] 

XI 3 %H1 &<Xa1, 
A oM #Xl7l^; 

^71 # 7H> Sl^l ^-fl^S]^ »83-°\] 2^ 

6] 

XI 1 « 9X°1*], 
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#7l f^l^; 

#7l ^u] ^-^ -^0] §«1 QsL #Bfl7> 5]^, #7l §«1 ^ 

-2-^£ tHi n}^* ^ #7l ^ di-fr^ g±r f>iEiS #7l Aj^Efl ^ 

1- Jj- %#s^ ^jo^ Al^s. #?^JL ( 

•£*H #7l i-FHa^g- n^B^S tij^Sj.^ ^o^ a]Jt^. #^^> 

£r ^* *1^ . 

7] 

8] 

#7l Al^Efl^-; 

#71 v}^B\^3.1f-&\ 71 <9 C-flojEisq-, #71 ^^ 7 }S.^ #7l ttj^ 

^ ^iLofl ifl-g-SHr S.^ ^EflolW.S. #71 71 <?J C-flolEl* #3*H=- ^E]#Bfl^ C ^ ^ 
91 

*n i 5A°h. 

#71 f^l^; 
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-ft€(bus ownership)^ 5^ ^^Ml ^oM a^ea Hjif Aj-g-^-S- ^ jl^ 
t}^ v]^ Al^efl _ 

10] 

A o v 7l #t ^-4, A o v 7l A^o] ol^ P>^7> ^o]5i §>uf >&7l Jl^o] ^ 

^"71 <^1^§- tH^ n>^Eil;S^-Ei A}-g-g- <^ Aj- 7 j ^^ojai-^ ^ ^ 

A o V 7l ^ ^eflo] ti.-i-o]] ti^fl nf^Ei-i; ^ t^i ^-fHS* 7>^1 
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[^^■% 11] 

*\] 10 %H] 91°]^, 

A oM ^ ^iL«fl tfl-§-5l^ -^7} ^ ^2flolti 7 > C-llolE^ ^A-fli ^V}7\ ^ , 

12] 

10 ^ ^ *\) 11 «<H1 &°H, 
^7) Aj^EA H]it A>-g-^>i^. #7^; 

A oM S-^ *2fl^y.7> C-flolE-l ^ &5LS\7) 8>^o.^ > ^- 7 ] ^ ^sflolti^} Cfl 

o]E| «^^]^ 7}^ nfl^l Aj-71 ttji 7>^I ^ *}iEi3. #7l *H Aljr* wj ^ 

[^^*o> 13] 
10 
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[51 1] 



10 
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[S. 3] 
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